In a former sagebrush-bluebunch wheafglrass siie at Ephraia, Washington, neither application of herbicides nor burning for control of downy brome and Sandberg's bluegrass before planting wheatgrasses were effective in increasing stands of wheafgrass seedlings. In this area of dry summers and approximately 8 inches annual precipitation, severe climatic stresses were primarily responsible in determining the esfablishment or failure of seedlings.
Highlight
In a former sagebrush-bluebunch wheafglrass siie at Ephraia, Washington, neither application of herbicides nor burning for control of downy brome and Sandberg's bluegrass before planting wheatgrasses were effective in increasing stands of wheafgrass seedlings. In this area of dry summers and approximately 8 inches annual precipitation, severe climatic stresses were primarily responsible in determining the esfablishment or failure of seedlings.
Over seven million acres of eastern Washington are grazing lands. Vegetative cover on two million acres or more of this land is in poor condition. Improper grazing and uncontrolled burning have nearly eliminated bluebunch wheatgrass (Agropyron spicatum (Pursh) Scribn. and Smith) from much of the depleted range. Such ranges are now occupied by downy brome (also called "cheatgrass" and "downy chess") (Bromus tectorurn L.) with an understory of Sandberg's bluegrass (Poa secunda Presl). On many ranges, downy brome is rapidly being replaced by medusahead (Elymus caput-medusae L., or as preferred by some researchers, Taeniatherum asperum (Simk.) Nevski) . Grazing management alone would improve these deteriorated ranges slowly if at all. Much of this land is not suitable for reseeding by conventional methods. Some areas are too steep, some have shallow soil, others are too rocky, and some have combinations of these undesirable characteristics.
Environmental conditions in the range area east of the Cascade Mountains often restrict the establishment of desirable forage grass seedlings. Precipitation is low, especially during the hot summer months. Air tempera-tures reach extremes of 112" F. in the summer and -23" F. in the winter (U. S. Department of Agriculture, 1941.) Bare soil temperature at the l-inch depth often exceeds 130" F. during the summer. The adverse climatic conditions plus the competition from downy brome and Sandberg's bluegrass make establishment of perennial grass seedlings difficult.
The study reported herein was undertaken to further develop methods and procedures that would contribute to the successful revegetation of deteriorated rangelands.
Review of Literature

Downy
brome is a winter annual under normal conditions, but it may also act as a summer annual if a cold period occurs after germination and stimulates flowering (Hulbert, 1955; Steinbauer and Grigsby, 1957; Finnerty and Klingman, 1962) . It produces seed even in dry years. Hulbert (1955) and Steinbauer and Grigsby (1957) found that almost all of the downy brome seed produced in the spring germinated in the following fall if moisture was adequate. These workers noted also that seed not germinating in the fall may germinate the following spring. Under favorable field conditions, germination of nearly all viable seed is likely to occur within a year after maturation, although enough usually remains ungerminated to produce a stand (Chepil, 1946) . Some ungermi-. nated seeds may remain viable for 10 years or more (Hulbert, 1955) . Downy brome generally matures in early June, and dried plants constitute a potential fire hazard during the entire summer. The seeds drop to the ground soon after maturity, and most escape lethal injury from fast-moving grass fires. An extremely "hot" fire is necessary to impair the viability of seed on the ground. (Canode, et al., 1962; Klingman and Kerr, 1956; and Finnerty and Klingman, 1962) ) but little is known about the effects of such herbicides on establishment of perennial grasses planted after herbicide treatments.
Experimental Procedures
The study was conducted in a sagebrush-bluebunch wheatgrass site approximately 9 miles southeast of Ephrata, Washington, in cooperation with Mr. Tom Drumheller, Ephrata, who provided land, fence, machinery, and labor. The soil was a stony phase of Ephrata sandy loam. Long- Fall 1959 _ Herbicides were applied in the fall after sufficient precipitation had fallen to germinate some of the downy brome seed. When herbicide treatments and seedings were made the same season, the grasses were seeded 2 weeks after the herbicide applications.
The experiment was repeated with slight modification in an adjacent area in 1959-60. The season of herbicide application and grass seedings were identical to those in 1958-59. The herbicide treatments also were the same except that CIPC at 4 lb/A was substituted for the ester of dalapon, and CIPC at 6 lb/A was substituted for CIPC at 8 lb/A. The burned area was that which was burned in 1958. All treatments were replicated three times on burned and unburned areas in both experiments. Plots were 10 by 20 feet. The effects of the herbicide treatments on vegetation were evaluated in 1959 and 1960 after spring growth had started but before heading of downy brome. A lo-foot steel tape was stretched diagonally across each plot and readings within a %-inch loop were made at 2-inch intervals with 60 readings (samples) thus obtained per plot. Presence of any part of a species within the loop was counted as a "hit." Stands of planted grasses were evaluated by counting the seedlings in the center 6 feet of the middle row of each plot in the spring prior to summer dormancy. The percentage of ground covered by broadleaf species was measured each spring by means of 10 samples per plot with a 20-by 50-cm sampling frame.
Results and Discussion
Precipitation during the summer months of the study was characteristically low for this area (Table 1) . The fluctuation which occurred in stands .was associated with low soil moisture during periods of seedling establishment .
The responses of downy brome and Sandberg's bluegrass to CIPC was not sufficiently effective on downy brome at low rates to be considered for use on rangelands at present. The 2,3,6-TBA at 4 lb/A was ineffective.
Inspection of the seasonal data (Table 3) shows little advantage from any of the herbicides used, either spring or fall, as an aid to increasing stands of planted grasses. If the possibility of destroying late germinating as well as fall germinating downy brome seeds is considered in addition to destruction of Sandberg's bluegrass (Table 2 )) it appears that an early spring application of dalapon would be the most promising herbicidal treatment.
The data on stands of wheatgrasses as affected by interaction of season of herbicide application and season of planting are in Table 4 , and that on effects of burning in Table 5 . Because of variations encountered within treatments, differences were not evaluated on a basis of probability. However, the individual species averages indicate a superiority of Nordan crested wheatgrass over the other two species. Burning was the most beneficial treatment in obtaining better stands of wheatgrasses. No indication of differences in response among species of wheatgrasses to the herbicides was noted.
In general, burning markedly reduced stands of downy brome, but increased stands of Sandberg's bluegrass (Table 5 ). The effectiveness of the herbicides on Sandberg's bluegrass or downy brome apparently was not greatly influenced by burning. Removal of litter and destruction of some seed probably reduced the downy brome on burned areas. In the Ephrata area, Sandberg's bluegrass forms a sufficient cover to protect the soil surface after burning, and burning as a part of seedbed preparation would be feasible.
Herbicide residues are unpredictable because the low amount of precipitation in the area is not conducive to rapid leaching or quick microbial breakdown. The minimal yearly precipitation, summer droughts, and grasshoppers adversely affect or further complicate establishment of wheatgrass seedlings.
The changes in coverage of 
Beardless (Whitmar)  5  1  3  2  1  2  Siberian  8  3  6  2  3  2  Crested (Nordan)  8  8  8  2  7  4 1 Average number of hits in 60 points per plot for downy brome and Sandberg's bluegrass; seedlings per 6 ft. of row for wheatgrasses. 2Stand counts of downy brome and Sandberg's bluegrass were for respective year of seeding (1959 and 1960) ; counts of wheatgrasses were 1 year after seeding (1960 and 1961). broadleaf species caused by herbicides and burning 2 years after treatment were generally negligible, possibly because the initial coverage of most species was only a trace, a large supply of seed remained in the soil, and the time of burning and application of herbicides were not optimum for killing susceptible ). The herbicides without burning caused some reduction of whitlowwort, but the greatest reduction occurred as a result of both burning and herbicides. CIPC and 2,3,6-TBA accounted for practically all of the effects of herbicides on the broadleaf species.
Summary
A study was initiated in 1958 in the sagebrush-bluebunch wheatgrass association near Ephrata, Washington, to determine effectiveness both of burning and of several herbicides for seedbed preparation when seeding perennial grasses. Dalapon, 2,3,6-TBA, and CIPC were applied in spring and fall. Whitmar on plank per 6 ft. of row of three 
